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Abstract 
The liquefaction potential in Padang based on the observation and examination is described in 
this paper. The last 7.6 RS earthquake of 30 September 2009 has caused damage to houses, 
water facilities and road ways. Several damages of those are worsened by the soil liquefaction. 
The liquefaction in Padang was identified by numerous sand boils. The liquefaction was 
observed at a number of sites including roadway, river bank and play grounds. The samples of 
sand boils are then tested in the laboratory in the terms of soil grain size distributions. It is found 
that the fine-sand grains of the soil samples are more than 65%. These types of soils satisfy the 
criteria of liquefaction susceptibility. Based on the field soil test data, the liquefaction potential 
is also examined. For the future development of Padang city, it is suggested to make 
liquefaction resistant constructions on liquefaction susceptible soils that have the same criteria 
to the observed soils. By characterizing the soil distributions and doing the in situ shear test on a 
particular site, one can assess the liquefaction susceptibility and decide to make the structures to 
resist the effects of liquefaction. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
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1. Introduction 
When a cyclic motion is applied to the sandy deposit, the stress increases in the soil 
element. For a very short period, the addition stress in the soil element occur in terms of 
pore pressure, meanwhile the effective stress between soil particles remain constant. For 
a very permeable sandy deposit, the pore pressure stress will be transferred directly to 
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the stress between particle in terms of effective stress. However for semi-impermeable 
sandy soil, such as silty sand, clayey sand and fine sand, the occurrence of the 
increasing pore pressure is very short compared to the time required to transfer the 
stress into the soil particles. If the growth pore pressure is higher than its effective 
stress, then the soil behave as liquid in which it refers as liquefaction condition. In 
mathematical term, the liquefaction on the soil deposit is written as: 
  ' =  - u  < 0.0   or  ' < u 
where  and '  are total and effective stresses in the soil, u is the pore pressure in the 
liquefied soil element and u is the growth pore pressure due to the motion. 
Based on studies in the past (Das 1983) it was concluded that the liquefaction 
potential of the soil depends on several factors: 
- Relative density, Dr 
- Initial stress of the soil, i 
- Mean grain size of the soil, D50 
- Applied peak stress, d or max 
- Duration of the motion, t 
- Over consolidation ratio, OCR 
- Initial pore pressure, ui 
In 1964 the Niigata earthquake as well as the Alaska earthquake that brought 
overturned buildings have been reported. Especially for Niigata liquefaction phenomena 
and its devastating effects had gained the attention of engineers and seismologists. An 
extraordinary ground failure occurred near the river bank where the apartment buildings 
near by had suffered bearing capacity failures and tilted severely due to liquefaction as 
shown in Figure 1 (Wikipedia 2009). Even though the building had got the extreme 
tilting, the buildings themselves remarkably did not suffer from structural damage. 
Numbers of studies to evaluate the liquefaction potential in a soil deposit have been 
done in the past. Most of those studies are based on the geotechnical field tests. Seed  
and Idriss (1982) have done comprehensive study on soil liquefaction. The liquefaction 
analysis can be based on the soil parameters from laboratory as well as field tests. The 
relevance of the method has been applied to investigate the liquefaction potential of 
silty sand soil deposit (Hakam and Oscar 2007). Then Shibata and Teparaksa (1988) 
proposed the method for liquefaction potential evaluation based on cone penetration 
tests.  
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Figure 1. Liquefaction due to Niigata earthquake 
Liquefaction of soil is the behaviour of soils under cyclic load in a few seconds, then 
suddenly suffer a transition from a solid state to a liquid state or having the consistency 
of a heavy liquid. From the past experience, it is well known that liquefaction is more 
likely to occur in loose to moderately saturated granular soils that have poor drainage. 
The deposit of soil that potentially liquefied during the shaking are fine sand, silty 
sands, sands and gravely sand. During cyclic undrained loading such as earthquake 
loading, loose sands tend to decrease in volume, which produces an increase in their 
pore water pressures and consequently a decrease in shear strength. In this paper, the 
liquefaction in Padang City has been identified and reported. 
2. Liquefaction in Padang 
The liquefaction phenomena have occurred in some area of Padang during 
earthquake of 30 September 2009.  Soil liquefaction due to the 7.6 SR of Padang 
Earthquake has contributed to the damage of houses, water facilities and road ways. The 
liquefactions on sites of Padang are indicated by sand boils right after the earthquake. 
The soil liquefactions were observed on a number of sites including roadway, river 
bank, sport court and play ground (Figure 2). 
 
Figure 2. Sand boils on the ground surface 
The identified liquefactions on site in  Padang then are plotted in the map of Padang 
City (Figure 3). It can be seen that the liquefaction mostly found along riverbeds, 
beaches. It also indicates that soil deposits likely are sands and/or silts and saturated 
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with water. Unfortunately, the liquefaction site of Padang is categorized as a very dense 
populated area. Even though the damage of the area is not as bad as Niigata, many 
houses suffer from excessive settlement and tilting. 
 
 
3. Grain Size Distribution 
In order to have the distribution of the grain size of the liquefied soil, the samples of 
sand boils are taken from the sites. The samples are then tested in the laboratory to 
measure soil grain size distributions (Figure 4). It is found that the fine-sand grains of 
the soil samples are more than 65%. These types of soils may satisfy the criteria of 
liquefaction susceptibility as mention before.  
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Figure 4. Grain size (mm) distributions 
4. Site Investigation 
The soil exploration has been also carried out on sites (Figure 5) using the CPT 
tests. The tests were conducted for four points at the sites. Here, the resistance of the 
soil every layer is recorded and in the end of each tests the ground water table is 
investigated. The analyses of liquefaction susceptibility based on the CPT test 
(Robertson et al, 1986) are then conducted. The results show the strongly potential 
liquefaction of the soil deposit on site due to the M-7.5 earthquake (Figure 6).  
 
Figure 5. CPT test point on the Lapai and GOR sides 
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Figure 6. Liquefaction analysis using CPT test  
5. Conclusions 
The liquefaction phenomena in Padang were observed at a number of sites including 
roadway, river bank and play ground. Soil liquefaction due to the 7.6 SR of Padang 
Earthquake of 30 September 2009 has caused damage to houses, water facilities and 
road ways. The soil grain size distributions showed that the fine-sand grains of the soil 
samples are more than 65%. The results of analysis based on CPT test on particular sites 
showed potential liquefaction of deposit during the earthquake. For the future 
development of Padang city, it is suggested make liquefaction resistant constructions on 
liquefaction susceptible soils that have the same criteria to the observed soils. By 
characterizing the soil distributions and doing the in situ shear test on a particular site, 
one can assess the liquefaction susceptibility and decide to make the structures to resist 
the effects of liquefaction. 
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